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ABSTRACT 


ղն Ut ons Ool Secchi depths (i.e. water 
transparency) with simultaneously measured standard oceano- 
graphic parameters on file at the National Oceanographic 
Data Center are surveyed on a global basis. An inventory of 
nao vchescceeanopgPaphye parameters is given for all Marsden 
Hcc relacsonoccoefrsedsents between Secchi depths 
and eleven other parameters are also tabulated. Linear 
աԱ ፡ዳልጵን ን ይቲ O τος Some twenty-one selected ocean areas 
արն ոթ 2 ን ርን! ana the other parameters are مت‎ 
cundem some cases plotted. No simple and consistent relations 
between Secchi depth and other parameters are evident; how- 
ο ου տ. penas are moved, Forel color and oxygen 
measurements show trends toward an inverse proportionality 
with Secchi depths while bottom depth data indicate a 


ን” የ ነ102 direc: proportionality. 
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I. INTRODUCTION 


A. GENERAL 

nero properties oi sea water govern a great portion 
աղ. ٦۹٦ ٦۱۷۰ Oceans of the world. Light’ penetration 
ο ου, the Sea surface is of interest in a large nunber of 
Ἰὼ τ 15 due Te this Characteristic that animal 
and plant are allowed to exist in the oceans. Strangely 
enough, studies of the optical nature of sea water seem to 
have received less emphasis than the extensive investigations 
by chemists and biologists. In years to come, optical ocean- 
3۰۰٠٠٠٠٠۱٠٠٦٦7٣۰ e larger role in our biological, physical 
ena malıvary studies of the oceans. 

Arsen'yev and Voytov (1968), in their studies of Bering 
EBEN cer. Moved che possibility of an inverse relationship 
between the level of plankton biomass and 300 ۱6۳ ٣ S= 
parency. Uda (1963) found that transparencey (i.e. Secchi 
depth) and dissolved oxygen measurements could be heipful in 
investigating productivity levels. Kampa and Bowden (1957) 
ues noyn that vertical migrations of deep scattering layers 
depend directly on light penetration below the sea surface. 
Iu Dement’ yeva (19/1) analyzed the relationship 
between transparency and the plankton concentration in 
Antarctic and Indian waters. They concluded that the depth 
to which the Secchi disc can be seen underwater is a function 


Of plankton content and suspended terrigenous material, the 





distribution of which is linked with hydrodynamics. Ryther 
(1959) has estimated that over half of the worlds fish supply 
ΤΠ πα ποτε than 0.1% of. the ocean» This fact, 
capl eda vith the necessity of light τινος αποπέεη Θες 
Plants in the sea will make future research in optical 
ιο ποσα Ol preater significance to the biologist. 

An important part in the understanding of the oceans on 
Peo rowel basis Lies in the realm of optical oceanography. 

For example, Jerlov (1968) has proposed a scheme of classi- 
iets rom Of Ocean Walters of the world into several oceanic 
co asta ltoprtiecal groups by irradiance characteristics. 
Eus anempertant step in optically grouping similar 
Divers over the world. 

Militarily, sea water optics has always been important. 
ւռ ከኔ. Tora submarine commander to consider the water 
transparency, since his vessel'shull is continually susceptible 
ህህ ከ ጋ] detection by patrol aircraft and surface ships. 
Boden, Kampa and Snodgrass (1960) and Kampa (1970) have re- 
ported an apparent τ: Torpe ነህሙቅር 1 extinetion coefficients 
and thermocline eins These depths at which significant 
thermal changes take place are of considerable importance to 
buoyancy control in a submersible. A slight change in the 
light conditions below the surface can also affect visual 
mine detection and diver operations as well as determine the 
success or failure of underwater photography. 

ee ምሮ as the primary source of energy for organisms in 


the oceans, light supports photosynthesis and permits life 





sea. ITnrough the study of light penetration, man 

May someday achieve greater control of the immense potentials 
of the oceanic harvests. Murphy (1959) describes this effect 
of water transparency on the albacore fishing industry. 

For purposes of discussion in this paper, "transparency" 
EUIS tO tne average of the depths at which the Secchi aise 
disappears upon lowering and '" 5 ۰۸۰۰٠٠۰۰ 7۹7817016. "Coler,' 
or "Forel color," is the color code obtained by the comparison 
Smee  COlOr οἳ the Secchi dise when lowered to a depth of 
τοπ standard color scale such as the Forel-Ule 
scale. Beam attenuation coefficient (a) is a measure of 
puerta toenuation of a πο ο ο ብ 5ubpSbeam through a fixed 
path length.  Irradiance is a measure of the light flux per unit 
area striking a horizontal subsurface plane. Vertical ex- 
tinction coefficient (K,), ον ο προς ο enuan coefficient, 


ο υπουίοᾳ of wavelengin and is defined as follows: 


where 


7 -1 
vertical extinction coefficient [meters `] 


K, = 
15 = irradiance at the sea surface 
1, = irradiance at depth = Z meters 


2۰۰۰۱٢ 
The purpose of this investigation is to analyze 6 


disc measurements and, on a selected area basis, determine, 
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iif possible, correlations between these and other simul- 
taneousiy measured standard oceanographic parameters. This 
was accomplished using the Naval Postgraduate School IBM 
System/360 Model 67 computer and the Biomedical System 
library available. Global data was obtained from the 


National Oceanographic Data Center, Washington D. C. 


Աթ րր ի DISC 

նւ. Ը` Նի» vpecenl disc has become a widely used 
ռա 2 5 Ե oceanograpnhers and marine biologists have 
teem oq ware transparency. Commander Ciaidi and Professor 
mpecemie( i960) made first mention of its use after 0م‎ 1 
ο οὗ sea in 1865. Secchi analyzed how the disc visibility 
Ն` Խաշ 10፡1 of its color, Che solar altitude, sea 
surface reflections, ship's shadow, sky clearness, water 
color, and the height of eye above the water surface. En- 
ponnmvering TI ስ Second Tons. ne observed an increase 
ከር ለእ ርር ο οτι σον with increased solar altitude and dise 
whiteness. 

Poole and Atkins (1929) measured submarine illumination 
in the English Channel and developed a widely used empirical 
formula relating Secchi depth (2,) and vertical extinction 
eoetsscient (KR): 


-1 


K = ey Ze eae 1. 
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where ὃς is measured in کت‎ This is equivalent to 
suene Chav tnefmlllmination at the Secchi depth is about 
16% that penetrating the water's surface. Gall (1949) 
independently confirmed this PRES arate readings ranging 

MN NES to eco.  Bumpus and Clarke (1947) in their studies 
on oceanic, coastal and harbor water also provided confirma- 
tion of this relationship. Murphy (1959), for example, 
estimated the ecological effect of water transparency on 
albacore catches using this equation. Holmes (1970) has 
mentioned that although the Secchi depth measurement is not 
Peee@lse ana @o Gependent upon many variables, it is still 
Matias tar practical measure. For instance, biologists 

es ved IA primary production have come to use three 
աշա ն depth as an estimate of the depth of the 
euphotic zone. Holmes (1970) proposed the Poole-Atkins 
constant of 1.7 should be reduced to 1.44 for turbid water 
calculations. Russell and Clarke (1944a, 1944b), in a 
series of cruises, measured transparency in a number of 
oceanic and ee aa areas. Among items they noted to affect 
transparency were bottom depth, ቸር SNO. ana phytoplankton 


content, water mass movement and harbor runoff. Atkins, 


* Henceforth K is written without the subscript A. It 
is to be understood that the dominant wavelength in the case 
πα“ from Secchi data is determined by a number of 
factors, including the spectral attenuation of sea water, 
աթ 2 11111 1թԵնեւլօո օք incident solar radiation, and 
tae spectral acuity of the observer's eye. 
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Jenkins and Warren (1954) examined suspended matter in sea 
water and its seasonal effect on Secchi depth readings. 

They oberserved an inverse relation between the amount of 
phytoplankton and the visual range of the disc. Graham 
(1966) compiled and analyzed Secchi depths, vertical extinc- 
tion coefficients and Forel color data from several cruises. 
MuMplesregression formulas were obtained expressalme the 
pausa! extinction coefficient as a function of color and 
thesreciprocal of Secchi depth. Graham noted the excellent 
agreement between vertical extinction coefficient and Secchi 
աԺ կՆ added caution must be heeded when extrapolating 
from one area to another. Visser (1967) examined the effect 
UNE vc action on disc visibility for different disc sizes 
աա | ጋብ fair relationship between observed mean 
այն O(P meters and the corresponding percentage 


Աի tt vie Forel color according to the formula: 


pe = .26Y + 1.9, 
5 
where Y represents the percent yellow of the water. 
Tyler (1968) discussed the theory of how the Secchi depth 
can be used to calculate the sum of the vertical extinction 


eoefficient (K) and the beam attenuation coefficient (a) 


ains che formula: 












where 2104 represents the depth in meters at which 10% of 
surface illumination was measured. 

Holmes (1970) followed Tyler's recommendations and found 
ղա ο ο dise Visibility as a result of varying disc size. 
He also concluded that using a viewer below the sea surface 
made no difference in relatively turbid water. Holmes sug- 
gested that the pulsating subsurface light field created as 
.. 2 նտ  - action, When combined with vertical disc 
Dec ment, was responsible for compensating TOL απ LOSS Ol 
cone aso caused by glare and refraction at the surface. 
ού ο 700,2 Wwas Amterestegd in the correlation between 
Secchi depth and the thickness of the euphotic zone. Visser 
(1969) as well confirmed the biologists' euphotic zone rule- 
aaa tion, independently confirmed the 


Poole-Atkins relationship. 
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/ II. DATA PROCESSING 


A. TREATMENT OF DATA 

Oceanographic data from some 86,258 stations were received 
on magnetic tape from the National Oceanographic Data Center. 
ԱՋ Ա Ս ր յնզոճ all data recorded on the station 
2-7 Ք. հրո նՆ2 ոթ 811 chemistry. Limited computer 
s n available mecessitated screening data to eliminate 
աջի ա are mens not to be used in this study. The 
original data, however,have been preserved and remain at 
1 Bostgraguate School for future work. Station data 


Selectos Tor analysis were: 


Seccnt Depth 

Latitude 

۶۶۹۹" Uce 

Marsden Square 

Water Depth - 
աթ oo 

ClouG Cover 

Monta or year 

Sample Chemistry: 


Temperature 
Ba Նունե 
Sigma-t 
Oxygen 
Phosphate 
Phesphorus 
Nitrite 
Nitrate 

οι ποσο 


Sample pH 
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Ban παπι ποῖ utilized in this study are: 


5۰۰۰۰۷۰۷۰۰۷ Code 

station Identity Code 

Country identity Code 

Date/Hour of Sample 

ποσο Observations at this Station 
Wave Height/Direction 

Wind Direction/Speed 

Barometric Pressure 

Weather Information 

۰۰+ 8 


“ους ἵςδ οσοἳ ον 


Due to computer storage limitations, only sea surface 
...-`" zed. Following disc storage of the data, it 
was necessary to scan by Marsden Square and tabulate all 
meastrements available for analysis. The results of this 
survey are included as Table I and serve as a reference as 
to what data are available worldwide. Data were extremely 
En -"DevondeMapsden Square 571; therefore, they were not 
analyzed. It is seen from Figure 1 and Table I that the 
great majority a disc measurements are concentrated 
along the emıpenmesroutes or tne world. Worthy of mention 
"ο che Lack Of Open ocean data and the abundance of 
πα οπου in Japanese coastal waters. 

ο 11 Of Che initial data survey, it was 
necessary to select a number of areas of interest for analysis. 
ten οὐ 1 process was based on the following three consid- 
ա ար Ն. attention was given to areas of high data 


density, since a more representative analysis results from 
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a larger data sample ; second, consideration was given to 
το Ol greater oceanographic interest such as upwelling 
meetons and major current systems, and an attempt was made 
to insure there was a complete cross section of all water 
types; and finally, emphasis was given areas of some military 
interest. Using these criteria, 44 areas were selected, 
Pie Comm clarion coefficients and cross tabulation plots were 
Simone d Tor each using the computer program BIOMED 02D. 
Bod e analysis of data distribution, all data 
were further broken down by one-degree Marsden sub-squares. 
Ἱ "sation owaseused to analyze as much data as possible 
in as small an area as was reasonable. In this way unneces- 
sary averaging of data from varying water types was avoided. 
mes. especially in areas near Japan, it was necessary 
roses. segments of high data Marsden squares for analysis, 
since attempting to analyze data for all squares would have 
exceeded computer storage limitations. For example, nearly 
700,000 bytes were required to analyze area 7 (Shikoku Basin). 
Perecwige, when data were SuSe vera Marsden squares 6 
ιν τα to form an analysis area. Table III is a summary 
of correlations obtained for the 44 areas chosen, and Figure 
2 shows parameters from several areas plotted for comparison. 
Alter linear plots and correlation ce 11፡11. ከርሮ 
2۰۶٠٠٠٠٠٦٠٣٦ ው ው] regions were selected for further 
analysis using the BIOMED 02R least squares approximation 
linear rerression program. Figures 3 through 44 show some 


of the more successful results of these analyses and are 


n 








ERE Edu 5ectton ITI of this report. The selection of 
che 23 areas for regression analysis was based on visual 
inspection of the linear plots for some evidence of a consis- 
tent relationship between the various parameters and Secchi 
depth. Daniel and Wood (1971) list several curve types which 
were used for comparison as were several hand plotted examples 
οἳ Logarithmic and linear relationships. Figure 3 shows a 
BIOMED 02D graphical output with the corresponding regression 
curve Eon ሚሪ Սա P 1ሠ.1ሮር1. Appendix Bis a sample output 
of the package program BIOMED 02R and Appendix A is an example 
of the Fortran program utilized to screen data for the BIOMED 
prograns. 

Chemistry data at times were too sparse to allow analysis. 
Table 1 shows that although temperature and salinity data 
κ. τι; εΠιιππηῦ, suen 1s not the case for measurements 
K G շթ τοτε. nitrite, and silicate. In ۱ 
መሙ. ን ከ ን ት this, wherever data were plentiful enough, ΕΞ ΤΙ 
effort was made to attempt correlations. The graphs from | 
all areas were compared, and special notice was made of any 
Semolsuencies. All graphs were analyzed as to special area 
considerations. For example, Figure 14 shows a plot of 
salinity and Secchi depth. The wide variation of salinity 
measurements is presumably due to fresh water runoff into 
the area. Figure 26 shows water depth plotted against Secchi 
depth in which transparency is seen to increase with depth. 
These are examples of special area factors which were 
considered in the analysis of the graphs and correlation 


coefficients. 
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B. BIOMEDICAL COMPUTER SYSTEM PROGRAMS 
1. General 

The Biomedical (BIOMED) computer programs were 
developed at the University of California at Los Angeles 
(Dixon, 1971) and designed for simplicity and convenience. 

' previous computer experience is necessary as the pro- 
grams are in "package" form and require just a few control 
and system cards to activate. 

2. BIOMED 02D (Correlation with Transgeneration) 

Ins program is intended to be basic in data sorting 
ου Pairs of data, or cases, are selected for 
արոր օո in analysis if they satisfy a specified Boolean 
Statement. This permits exclusion of undesirable or blank 
EE ου αἱ1ους creation of data subsets. Mathematical data 
meanapulations, or transgenerations, are also a feature of 
ան: ր. ՍԽՍԼԲԱՆ from this program includes: Sums, 
ա «νους prodct deviations, standard deviations, 
ج۱0 تح ط06 20 ...*٭‎ ۱07 011701007۰106068. and one 
page cross-tabulation plots of any two variables. The data 
density code utilized in BIOMED O2D graphical outputs is 
translated in Table VI. 

3. BIOMED 02R (Stepwise Regression) 

This program computes a sequence of multiple linear 
regression equations in a stepwise manner. At each step, 
[ቢቢ ፕያሇ.፡ DIE which makes the greatest reduction in the error 


sum-of-squeres is added to the regression equation. The 


T3 









ա Ե Ա. “τ: variable which has the highest partial 
eorrelation with the dependent variable partialed on the 
variables that have already been added, and equivalently, it 
is the variable which, if it were added, would have the 
ο. που F value defined below. Variables can also be forced 
ils Lhe equation. 

Eo on step in the stepwise regression procedure, 


ue mi ollowing are computed: 


ር Zr —-d 

n — ፦ 
85:4 # ἃ (ἅμα Ka XQ) 

k=1 

i=n 2 
ከ = SS =  -ծշ-ծ...... 
dd 7 d: 3 
MS = . ٣ 
κε. = g 
RSS = aad ^ baa 
RMS = RSS/rdf 
F =  RMS/MS 
Mere: 

n Zr ots enumberzoi samples 
q - number of variables involved 
ar = residual degrees of freedom 
DO = sum Of squares, residual 
MS = residual mean square 
rdf = regression degrees of freedom 
RSS = regression sum of squares 
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RMS = regression mean square 


q = the jus value of tbe independent variable Xa 

Xa = the mean value of the independent variable Ka 

Yi = the 8 value of the dependent variable 

Y. = the լեհ valve of the least squares approximation 


of the dependent variable 


AS indicated by the above equations, a higher F value 
shows that a higher degree of confidence may be placed in 
Pees Presented regression equation. Generally speaking the 
ievebue means little until compared with other similarly 
տ ԱԱ values. The user may also indicate specific 
Bu ሮጋ]1 values of FP which aet as limits to allow or prevent 
per variables fron entering the regression equation. Appen- 
ο SONS the Tirst two steps of a BIOMED O2R regression 
analysis output. Boolean case selection available in BIOMED 
02D is not a feature in BIOMED 02R. Therefore, it was neces- 
Sa ስ በራም ።ጋ11ኛ to screen rough data prior to calling upon 
BIOMED O2R for regression analysis (see Appendix A). At 
each Step in the تس‎ Snl aple Correlation coeffi- 
cient R serves as an indication of Row well the regression 
equation fits the data. With R= + 1.0, a perfect correlation 
տր 01121650. A widely used measure of data fit is the square 
of the multiple correlation coefficient E Another option 
which can be included in the BIOMED 02R output are plots of 
Mem esaduals (computed Secchi depth minus actual Secchi 


depth) against the independent variables in the equation. 


2 





ն ն խտ» plots aids in the determination of closer 
Cala 1155. 

A wide selection of transgenerations is available 
to alter data sets (or ee) to more desirable forms 


Betore inclusion in the analysis. 


το 








IE DISCUSS LON OB RESULTS 


A. DATA SURVEY 

Table I shows the data breakdown for Marsden Squares 1 
through 571. Frederick (1970) surveyed Secchi dise data and 
reported that a great deal of the — data were from 
Japanese waters. This is apparent in Table I which shows 
large concentrations of data in Marsden Squares 94-97 and 
120-192, 

Figure 1 and Table I, however, indicate mid-oceanic data 
to be sparse. Since a study such as the present one must 
poder ati variables aiilecting transparency measurements, 
mid-oceanic data would be valuable since the additional 
արն Ս ecoasuvsi processes tend to complicate matters. If 
a consistent relationship between an oceanic parameter and 
ንይይቢዐ ሽሽ ከከ 15 to be found, it would probably be most appar- 
ent away from seasonal coastal effects such as fresh water 
iment aid upwelling. Thus, the lack of mid-oceanie data 
reported to date is unfortunate. 

secchi measurements are also rare in the polar Marsden 
squares, and for that reason data are tabulated only through 
ΠΤ. Table IV presents parameter means by 


aled, 


B. CORRELATION COEFFICIENTS AND LINEAR REGRESSION ANALYSIS 
ኢሱ S (I (s D] of BIOMED 02D correlation analyses for 


the 44 areas appear in Table III and for some areas are plotted 


aS 












in Figure 2. Table V is a summary of the regression analysis 
results (BIOMED 02R). Area delineations were made according 
to Figure 1 and Table II. Figures 3 through 44 are examples 
ου ο DIOMED 02D graphical output.  Alphs-numeric data 
በ1. ከህ codes are translated in Table VI. A correlation 
ከህ ፡፡፤ ሰሮ Of 1.0 indicates perfect correlations, while 
eevelue of 0 signifies no correlation at all (Table III). 
Correlations between Secchi depths and each parameter will 
be discussed separately. 
1. Color 

ከ ሽ TO be noticed, first of all, that Forel color 
Gode seems consistently to correlate better than other 
Demearmevers, as indicated by higher coefficients in Figure 2 
Beam lople Tif, it is seen that these coefficients are 
WM MIT negative, Signifying lower transparencies for higher 
Code. A similar pattern was reported by Visser (1967). 
Figures 3 through 9 show this inverse trend for seven areas, 
where Forel color is plotted against Secchi depth. An 
35 ک۸‎ Epanential, trend is unmistakable in 
Figures 3 through 8; however in eure © for area 35 (Eastern 
Sas Or one United states) It is evident this trend is 
interrupted near colors 7 through 11. Figure 1 shows area 
35 to be an area of high fresh water runoff as well as an 
area of high industrial activity, which accounts for possibly 
high terrigenous and chemical influences on water color 
measurements. Several attempts at regression equations were 


made to relate color code and Secchi depth. These equations 
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are presented by ocean area in Table V. Figure 3 shows two 
regression equations forarea 7 graphically. Notice that the 
first approximation (Curve A) achieved a multiple regression 
Sociticient of 0.65, while for the second there is a coeffi- 
Brent ot 0772. Since data density in area 7 (Shikoku Basin) 
was high, numerous other regressions were attempted as shown 
ΠΕ. One of the most yT of these resulted 
from noticing the apparent exponential nature of the color- 


secchi depth graphs. The results were the equations: 


step i 
ያ (2.) = 3,73 - 0.24 (Color) (R = 0.70) 
ΕΡΕ 
Ln ው ο ο (Color) 
Oo IZ ο ο ο) 


with the multiple regression coefficients listed. Table III 
ovS that higher multiple regression coefficients did result 
from this study; however, none were as consistently high as 
puose for color code. 
2. Sea Surface Temperature 

omii tion of Table [Tl yields πο obvious trends in 
correlations between sea surface temperature and Secchi depth; 
however, several interesting cases were encountered. Figures 
lO through 12 give several of these. Figure 10 shows tempera- 
ture and Secchi depth plotted for area 35 (Eastern coast of 


United States). Notice the large temperature range (25°C) 


2» 





as compared to Figure 11 for area 12 (Western Pacific Ocean). 
τρις 1 shows area 35 to be a coastal area, affected by the 
@ea5va) inttuences discussed previously for Figure 9. Area 
Mey O11 the other hand, is seen to be more oceanic with a 
resulting smaller temperature range (10°C). A regression 
line is plotted in Figure 10 on the temperature data from 
area 35, resulting in a somewhat low multiple regression 
coefficient of 0.36. 

er Salinity 

Nearly all the 44 areas analyzed were coastal areas, 
ο ο ።፡፡  ተ260፡631411107/መሆ61 1፡5 ህ 1101 caused by fresh 
water runoff. This effect can be seen in Figures 13 through 
I weaehccase, the lower salinity water is associated with 
decreased transparency. This result is not surprising 
G l jO Tire the high levels of terrigenous suspensoids in 
աա ο τετ Figures 20 and 21 are included for comparison, 
since they represent somewhat oceanic areas (9 and 12), away 
ን እ ag drainage. The observations are reasonable in that 
Hae high salinity variation is not present, and the data 
are therefore more ost prolped. 

Figure 22 shows the salinity and Secchi disc data 
for area 30 (Peruvian coast). Note that both dise visibility 
and salinity data variances are small. 

Jo (ed in Figure 23 are Mediterranean Sea data 
which display the very high salinities characteristic of 
ա ն. ոօ significant data correlations resulted for 


the area. 
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Superimposed on Figure 18 is the regression line 
attempted for area 36 (Labrador Sea). This line depicts 


Mae σας στο: 


2 
ὃς z PERO թ x5 Malin y toe) 


which results in a multiple regression coefficient equal to 
0.85. Due to the extremely local nature of the fresh water 
uc Ὅπις result would, of course, be of little 
significance in other coastal areas. 
կ. Bottom Depth 

' τ. Ἠπ is closely related to water transparency. 
As deeper water is encountered away from the coast, three 
Gepum=related influences play contributing roles. First, 
Shallow water transparency is determined to a great extent 
by bottom agitation. The absence of stirred-up bottom sedi- 
ments in deep oceanic areas cause water transparency to in- 
TT Gs o ly, the coastal effect of river runoff causes 
decreased water transparency since these rivers carry large 
quantities of both suspended and dissolved materials. These 
suspensoids and solutes may then be carried hundreds of miles 
by coastal currents and cause great increases in coastal water 
ար Ե o ally T coastal regions which lie at the eastern 
extremities of oceans tend to be upwelling areas. In these 
areas, nutrients from deeper water are carried to the surface 
and a reduetion of Secchi depth results with enhanced 


Ds tcoplankton growth. 
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mese intluenees ol water depth on Secchi depth can 
፡።፡ ርከን Figure 2 and Table TIT, where nearly always a 
positive correlation coefficient results between bottom 
depth and water transparency. This indicates an increase in 
bottom depth is accompanied by an increase in Secchi depth, 
an anticipated outcome in view of the factors discussed 
duse. whe results of this line of ro: ση ΤῈ ո 
graphically in Figures 24 through 28, where data from five 
areas show this direct relationship. Figure 27 shows a 
regression equation plotted for area 13 (Bay of Bengal), 
C ich a high multiple regression coefficient was attained. 
Ae hetnis trend between bottom depth and Secchi depth 
ο. 1. 11 was not always the case as can be seen in 
Figure 28, where an upwelling area (Equadorian coast) is 
depicted with bottom depth and water transparency apparently 
related. 

5. Density 

No real trend is evident in the sigma-t results 
۸۰۰۰۶ یی‎ in ھت‎ 2 and Table III. Figure 29 through 31 
are graphs of three coastal areas where the data distribution 
EM misP to salinity plots given in Figures 13 through 
19. Fresh water runoff is postulated as the reason for this 
ከ). | cases. 

٤۵‏ ہہ 

Figure 2 shows a negative correlation nearly always 

resulted when measured values of oxygen level and Secchi 


depths were compared; however, no consistent relationship 
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was developed. Figures 32 and 33 are graphs of oxygen level 
աշա Փու depth. A regression equation for area 34 (Sar- 
gasso Sea) is plotted on Figure 29 yielding a somewhat high 
ከ ከ ኤ ከ ple correlation coefficient of 0.74. Figure 30 shows 
Ա ւթի variability of oxygen data from coastal area 7 
(Shikoku Basin). Time variations in oxygen level can be 
expected due to river runoff and photosynthesis-respiration 
۰ 
7۰۰۰٣٠٣٦٠٦۶۹9650 7ہ‎ 08 

En canosphomus i1S basic to the growth of phyto- 
τπτ the sea, seasonal and geographic variations of 
աշ ου level in the coastal areas analyzed can be expected. 
ο μου 15 returned to the sea upon the death of plants 
նա Սոր 2t would possibly serve to increase light 
scattering and thereby lessen penetration depths. This 
Kes pol decreasing effect on Secchi depth measurements is 
evident in Table III and Figure 2, where nearly all correla- 
wn Coefficients arè negative. No consistent correlation 
level was observed Տար Ա ԱԽ նե Տը». Ա ος 
to permit analysis. Figure 34 shows total phosphorus data 
plotted. | 

8. Silicate 

Silicate level can be expected to be generally higher 
in coastal waters due to the effect of land drainage. Although 
silicate measurements are somewhat sparse, negative correla- 
tions did prevail in the areas analyzed as shown in Table III 


Ta Pigure 2. 
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Figure 35 shows silicate data for area 28 (Northwestern 
coast of United States), in the vicinity of the Columbia River 
discharge. There is an apparent exponential decrease in 
transparency level as the silicate level increases. Super- 
imposed on Figure 35 is a plot of the equation which was 
ար րԱ: Trom regression analysis. 

9. Nitrate, Nitrite and Phosphate 

Figures 36 through 38 are graphs of nitrate, nitrite, 
oo pnate data, respectively. Without exception, data 
Meee Goo sparse to permit any form of accurate correlation 
Sere eression analysis. This lack of data is shown in the 
rc sl own of qata, Table I. 

10 Cloud Cover 

No correlation was noted between the amount of cloud 
cover and Secchi depth for any of the 44 areas analyzed. 

Figure 39 shows cloud cover data for area 26 (Gulf of Alaska). 
Pee ρου τυας and Longitude 

Analysis of Secchi depth data as it varied with 
latitude and longitude yielded no significant correlations 
Or regression results; however, at times the graphical re- 
sults were of interest. An example is Figure 40 (Black Sea), 
Pierre tatituae and Secchi depth data are plotted. The in- 
fluence of river discharge in the northern Black Sea is clearly 
apparent as water transparency decreases ο can even 
the other hand, Figures 41 and 42 show that for the two up- 
welling areas (both South American coastal areas), transparency 


is somewhat independent of latitude changes. Figure 43 
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shows the variation of water transparency with longitude 

արա ԻՋ օո the western extremity of the Indian Ocean. 
ն ከበይ 1056 increased, greater influence from coastal 
٣۰۰۰۰ Sue as bottom Stirring, upwelling, and land drain, 
are to be anticipated. The data distribution in Figure 43 
was therefore, not surprising. In contrast, Figure 44 is 
cal data distribution for an (20 where water trans- 
Pereney 16 independent of longitude; accordingly, Figure 1 
shows area 24 (Aleutian Islands) to be away from these 


coastal influences. 


C MONTHLY AVERAGES 

Monthly Secchi depth averages were plotted in Figure 45 
for areas 13 (Bay of Ea Dau S East Coast). Figure 
ከ6 shows Secchi depth averages for upwelling areas 28 


(Northwestern coast of United States) and 29 (Peruvian coast). 
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IV. CONCLUSIONS 


secchi depth readings are influenced by many sea water 
Pre vers, among them are sea surface temperature, salinity, 
ου waver depth, color, oxygen, phosphorus level and 
ա που Ihe exact nature of these relationships 
արն ”ዋጥዋማከስከ=ዊ፡።ም ር ርመ በ)ነ11ርሮ1] on the basis of the present study; 
analysis ot correlation coefficients yields general 
bpends. Of particular consistency are the high correlation 
۰٠٠٠٠٦٦٦ relating Secchi depth and Forel-Ule color code. 
Several of the parameters analyzed yielded Baht u 
Weave Or DOSILive correlation coefficients. 

The data survey reveals that water chemistry records in 
most areas of the world are too sparse for linear regression 
Analysis techniques, Among these are nitrate, nitrite, and 
phosphate گلا تک‎ 
նա ՆԱ areas under the influence of land drainage 


present wide ranges of temperature, salinity, density and 


chemistry readings. 
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V. SUGGESTIONS FOR FURTHER RESEARCH 


Work should continue to provide better worldwide coverage 
of Secchi disc measurements and of the other parameters 
normally sampled. 

The scope of this project was limited to sea surface 
measurement analysis because of computer storage requirements. 
Further analysis should continue to analyze subsurface 
parameters and their possible correlation to Secchi dise 
measurements. 

ντε and procedures for its use should ali 
De standardized to eliminate possible variations in future 
Gata due to differing disc dimensions and measurement 
practices. 

STIG 666617 qata become available, other studies such 
ա "πε Ողբ. since correlations determined free 
from coastal influences may yield results ler can be 
simply ana accurately extrapolated to other open ocean areas. 

There exists in use a package program similar to, but 
superior to, the BIOMED programs. Known as the "Statistical 
ን፡፡፡፡ stor the Social Sciences" or "SPSS" (Nie, Bent, and 
ΠΠ, 1970), this fully integrated system allows for subfile 
creation, missing values and conditional transformations. 
ns ds Using SPSS would be superior and much simpler to 


any BIOMED-based study. 
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DATA DISTRIBUTION BY MARSDEN SQUARE 
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Figure 45. Monthly Secchi Depth Averages 
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Figure 46. Monthly Secchi Depth Averages 
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